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THE BOWIE-GAVIN PROCESS: ITS APPLICATION TO THE 
CRACKING OF TARS AND HEAVY OILS, ALSO TO THE RE- 
COVERY OF OIL FROM OIL-SOAKED SANDS OR SHALES OR 
FROM OIL SHALES 


By C. P. Bowie 


INTRODUCTION 


Petroleum engineers estimate that, under present methods of 
production, when an oil field is at the point of abandonment the 
sands still hold 80 to 85 per cent of the oil they originally contained. 
The total production of the world from 1857 to 1925 was approxi- 
mately 12,384,473,000 barrels of oil. On this basis, when the oil 
fields that have produced in the past and are now producing have 
reached the point of abandonment, the sands will retain nearly 
50,000,000,000 barrels of oil. 

As many of the best wells in the United States are producing from 
sands 4,000 to 5,000 feet beneath the surface, to mine these success- 
fully will not be possible until the price of petroleum products has 
increased greatly and present methods of mining have been revolu- 
tionized. It is estimated, however, that the oil shales of Colorado, 
Wyoming, Utah, Nevada, and Montana alone contain more than 
100,000,000,000 barrels of crude oil. 

In Santa Barbara County, Calif., are accessible deposits of oil- 
soaked sands and shale more than 1,000 feet thick. The oil-sand and 
“tar-spring” deposits of Alberta, Canada, all of which may be con- 
sidered accessible, are estimated to contain more than 250,000,000,000 
barrels of oil. These are only three instances of numerous places in 
the world where accessible deposits exist. 

In view of the rapidly increasing demand for petroleum and 
its products, the Bureau of Mines believes that at least a study 
should be undertaken of ways and means to recover the “last drop”’ 
of usable oil in the ground, no matter what the conditions of its 
occurrence and what the other substances are with which it may be 
associated. 

This paper describes a process and an apparatus designed to recover 
oil from such deposits. It also gives the results of extensive experi- 
mental work done by the bureau with the apparatus in cracking tars 
and heavy oils which, being perhaps the most accessible, will first 
be utilized to eke out the waning production from wells. This 
process can be used to recover oil from oil shale and oil-soaked sands, 
and the authors believe that when the necessary economies in its 
operation are worked out the process can be applied to cracking 
asphalts, still bottoms, and similar heavy residuals at refineries. 
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OCCURRENCE OF SURFACE BITUMENS, OIL-SOAKED SANDS, 
AND SHALES 


DEPOSITS IN THE UNITED STATES 


Asphalts and bituminous rocks are widely distributed in the 
United States.! Asphalts are found in West Virginia, Oklahoma, 
Colorado, and Utah; bituminous limestones in Oklahoma, Texas, 
and Utah; bituminous sandstones in Kentucky, Missouri, Okla- 
homa, Texas, Utah, and Cal- 
ifornia; veins of earthy bi- 
tumens of great purity in 
California; and brea in Okla- 
homa, Wyoming, California, 
and some parts of Montana. 

In some of the States these 
deposits are extensive. 
Springs of tars and heavy 
oils in places have formed 
large deposits on the surface. 
In the Coast Range Moun- 
tains in California are oil- 
producing rocks nearly 1 
mile? thick. Near Santa 
Paula, Ventura County,with- 
in 3 miles between Seesaw 
Creek and the Ojai Valley, is 
a deposit that is estimated to 
contain not less than 1,000,- 
000 tons of material. Some 
of the wells drilled in the 
Edna field, San Luis Obispo 
County, Calif., show nearly 
1,000 feet of oil-soaked : =i 
sands. ‘These wells produce Fess 1 Out coy ooltsnked sand ant 1 te he 
daily 12 to 15 barrels of oil aa 
having a gravity of 12° to 14° A.P.I. Figure 1 shows an outcrop 
about 40 feet thick of the sands near that field. 

To the author’s knowledge no estimate has ever been published 
of the quantity of oil that could be recovered from these deposits, 
but the total would unquestionably amount to billions of barrels. 


1 Eldridge, George H., The Asphalt and Bituminous Rock Deposits of the United States: U. 8. Geol. 
Survey Twenty-second Ann. Rept., 1900-1901, pt. I, p. 219. 

2 Fairbanks, H. W., San Luis Obispo County—The Oil-Yielding Formations: Calif. State Mining 
Bureau Bull. 19, 1900, p. 146. 
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Retorting tests show that the oil-soaked sand and bituminous rocks 
contain 15 to 40 gallons of 20° to 24° A. P. I. oil per ton, and many of 
the asphalts and tars are so pure that when cracked they can be con- 
verted into an oil with a gravity of 20° to 24° A. P. I. through a loss 
in volume of not more than 12 to 15 per cent. The products “lost’’ 
are fixed gas and carbon, the former highly valuable as a fuel and the 
latter also having a fuel value that depends on the proportion of 
combined inert material and the method of treatment. These 
products will be discussed later. 

Table 1% gives analyses of sand from oil wells and outcrops in 
various parts of California. 


TABLE 1.—Analyses of sands from wells and outcrops in the California oil fields 


Gravity 
of of] pro-| Amount} Amount 
Field Location | duced | of sand | of oil ob- ceackoa 
from well| used j tained! product 


Gravity | 
oO 


(Sec. T.R.|°A. P.I.| Grama | C.c. |°A. P.d.| Gallons | Per c 
21.5 13. 


Coalinga. _-. 12 20 14 15.0 | 1,000 90 19, 81 
ka fd | 24 20 14 14.5 877.5 200 21, 84 

be Rata | 27 19 15 22.0 | 1, 247 90 26. 00 
Kern BING 25 28 27 13.0 | 1,000 160 21. 52 

Do.._..... 36 23 27 13.0 | 1,000 21. 52 

DO.sscc.2 1 31 28 28 14.0 | 1,000 70 21. 52 

Do..._-.. 28 28 28 14.0 | 1,000 102 2B. 68 24. 4 Do. 

Do....... 3 20 2B fj... .. eel 1, 000 108 20. 70 25. 8 18.0 se oh ai near sur- 
Midway. _.| 36 31 22 22.0 | 1,000 111 27. 68 26.6 | 17.5] Old sand from sum 
Sunset _ 211 2% 13.0 | 1,000 60 19. 25 14.3 |... Surface sand 

Do......- 2 11 24 13.0 | 1,000 62 20. 70 CS. Bere nd from sump, 5 feet 

Do_____.. 12 11 4 13.0 | 1,000 110 24. 61 26.3 18.0 Old: salt from sump. 

Do..__... 12 11 24 12,8 | 1,000 64 25. 90 1&3 19.0 Do. 

Do... 2. 111 24 16.0 | 1,000 46 25. 90 11.0 |.-.....- Do. 

O....... 1 1] 24 16.0 910 58 2. 62 14,7 14.0 Do. 

Do_._..... 13 11 24 14.0 ccc stleceecace 22, 80 16.0 j........ Outcropping near sur- 

Salt Lake..| (*) 15.0| 872 226 24.52| 621] 205] Old sand from sump. 
1 Oil recovered from sands by retorting. 1 Niles lease. 


HEAVY OILS 


In California a large production of heavy oils ranging in gravity 
from 714° to 14° A. P. I. might possibly be developed if a means can 
be found to convert them into lighter products that can be marketed. 
In 1924 the Associated Oil Co. was able to produce, at Casmalia, 
near Santa Maria, Calif., about 1,000 barrels a day of 10° A. P. I. 
oil because it could pump still bottoms with a gravity of approxi- 
mately 32° A. P. I. from its Gaviota pump station, about 40 miles 
distant on the coast. Enough of these still bottoms is mixed with 
the heavy oil to reduce the viscosity so that the mixture can be 
pumped through pipe lines and marketed as fuel oil. The oil occurs 


3 Elliott, A. R., Recoverable Oil in By-Product Sands and Outcrops: Reports of Investigations, Seria] 
No. 2182, Bureau of Mines, November, 1920. 
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with hot water (about 160° F.), and the limit of the production is 
the amount of still bottoms obtainable. 

Such heavy oils could seemingly also be developed in large quan- 
tities in the vicinity of Santa Paula, in Ventura County, near Los 
Angeles, and in the Sunset-Midway and Kern River oil fields in 
Kern County. 

OIL SHALES 


As is well known, there are enormous quantities of oil shale in 
Colorado, Wyoming, Utah, Nevada, Montana, and parts of California; 
it is estimated that more than 100,000,000,000 barrels of crude oil can 
be produced from these shales if suitable process and apparatus can 
be devised. 


DEPOSITS OUTSIDE THE UNITED STATES 


Large quantities of heavy oils occur in Mexico and Canada; 
Trinidad, Colombia, and other parts of South America; in Central 
‘America; along the west coast of Africa; in Russia and in Galicia; 
in Persia; and in other districts of the Old World. 

In virtually all fields where the heavy oils occur are also extensive 
deposits of oil-soaked sands, shales, and limestones. Dawson‘ de- 
scribes the tar sand deposits along the Athabaska River, in the Prov- 
ince of Alberta, Canada, as follows: 


The occurrence of great quantities of bitumen or maltha along a portion of 
Athabaska River has long been known, having been noticed and commented 
upon by the very earliest travelers in the region. Beds of sand or very soft 
sandstone of Cretaceous age, varying from 140 to 225 feet in thickness, are there 
found to be more or less completely saturated with bitumen, for a distance of 
some 90 miles along the river. These beds are known as ‘‘tar sands.” More 
recently a number of smaller occurrences of bitumen in the form of ‘‘tar springs’”’ 
as well as sources of combustible gas, have been found in different places over a 
very extensive district. All these circumstances point to the probable existence 
of a great petroleum field, of which possibly some parts have already exhausted 
themselves in saturating the lowest Cretaceous sands, but of which probably 
the greater portion is still effectually sealed by the thick covering of overlying 
rocks. It is believed that the source of the petroleum which has given rise to 
the deposits of bitumen is in the Devonian strata, which here immediately underlie 
those of Cretaceous age. 


CRACKING PROCESSES FOR HEAVY OILS AND TARS 


Many so-called cracking processes have been patented for ob- 
taining low-boiling hydrocarbons from heavier hydrocarbons by de- 
structive distillation. The first patent of this kind seems to have 
been granted by the British Government in 1865 to a certain George 
Young. At present several cracking processes producing gasoline and 


‘ Dawson, G. M., Summary Report on the Operations of the Geological Survey for the Year 1894: Canada 
Geol. Survey, 1895, p. 6A. 
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somo of the lighter hydrocarbons are in commercial operation in the 
United States, but these use for their original oil relatively lght 
products, which when subjected to destructive distillation yield only 
small amounts of free carbon. So far as the author is informed, none 
of these processes can be successfully applied to the destructive dis- 
tillation of tars or very heavy oils, because so much free carbon is 
produced that deposits of it soon form on the inner shell of the still 
and cause local overheating, or clog the vapor lines, thus stopping 
operation. 
THE BOWIE-GAVIN PROCESS 


PRINCIPLE OF THE PROCESS 


In 1916 and 1917 the Bureau of Mines spent much time and money 
attempting to perfect a process for cracking heavy oils and tars 
but was unable to overcome the difficulties caused by the large 
amount of free carbon produced. The inventors of the Bowie- 
Gavin process, while examining the results of an experiment in the 
retorting of oil-soaked shales, noticed that the oil produced had a 
distinctly “cracked” odor, and that in its production the free carbon 
liberated during the destructive distillation did not adhere to the 
sides of the retort or deposit in the vapor lines, but was entrained 
in the shale that contained the oil. These facts suggested the possi- 
bility of overcoming the carbon difficulties in cracking processes by 
mixing inert materials in proper proportion with the oil before it 
entered the cracking zone. 


BENCH RETORT USED FOR TESTS 


To make a series of preliminary experiments, a small bench retort 
(shown in fig. 2) was devised. It was made by welding disks cut 
from 5%-inch boiler plate over the ends of a piece of 4-inch extra- 
heavy pipe about 14 inches long. In one of these covers a hole was 
drilled and a 2-inch plug containing a thermometer well was inserted. 
On the side near one end was welded an outlet to which a vapor line 
and condenser could be attached. Ordinary red brick was used for 
the temporary furnace, which was heated with Bunsen burners. 

Using this small bench apparatus the author made a series of 
experiments with various types of inert material in varying propor- 
tions, ground to various meshes, and hydrocarbon compounds ranging 
from refined asphalt, such as would be chopped from a barrel, to oil of 
16° A. P.T. Experimental runs were also made with oil-soaked sands 
and shales from different localities and with oil shales, such as occur 
in Utah, Colorado, and Nevada. 


RESULTS 


The process thus devised, termed the “ Bowie-Gavin process, ” gave 
remarkable results. For instance, asphalts and tars of such heavy 
gravity as to remain virtually solid at ordinary temperatures could 
be converted into a cracked oil having a gravity of from 20° to 24° 
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A. P. I., with a loss in volume of 12 to 15 per cent. This loss, as 
stated before, consisted of fixed gases and carbon; the former is 
very valuable as fuel, as its heating value is about 1,300 B. t. u. per 
cubic foot against 550 B. t. u. per cubic foot for San Francisco city gas. 

Table 2 gives the results of some of the more important experi- 
ments made with the bench still. The main points illustrated by 


FIGURE 2.—Bench retort made from 4-inch extra-heavy pipe 


these preliminary experiments are: 1, The relatively high yield of 
cracked oil recovered by the process—from 80 to 86.6 per cent by 
volume; 2, the fact that the carbon did not stick to the sides of 
the retort or collect in the vapor lines but was entrained in the inert 
material with which, when the proper mixture had been made, it 
could be easily removed from the retort. 
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Aside from the high yield of cracked product, the gravity is to be 
noted. This ranged from 15.8° to 29°, averaging around 22° A. P. I. 
Inasmuch as the cracking took place at atmospheric pressure, these 
yields and gravities seem very remarkable. 


OIL PRODUCED 


When the cracked oil from these experiments was distilled it 
yielded 18 to 22 per cent of a gasoline cut boiling to 428° F. (220° C.), 
30 to 35 per cent of a kerosene cut boiling between 428° F. (220° C.) 
and 572° F. (300° C.), and a residual] oil having a gravity of 15° to 18° 
A. P. I. and a viscosity, even when the gravity was 15° A. P. L., 
virtually the same as that of California crude with a gravity of 20° 
A. P.I. This meant that no matter how heavy and viscous was the 
tar or asphalt used for the original charge the oil that remained after 
the gasoline and kerosene cuts had been removed from the cracked 
product would still be so fluid as to flow through a pipe line freely 
without heating; the residual, therefore, could at least be used for a 
fuel oil even if parts of it were not possibly more valuable for other 
uses. Typical analyses of these cracked oils appear in Tables 3, 
4, and 5. 

The analyses of the oils indicate that no great difference is due to 
the action of shale or coal. The gasoline yield, up to 437° F. (225° C.), 
from the oil made with the shale was slightly higher and the viscosity 
of the oil slightly lower than from the oil made with the coal. How- 
ever, these differences may have been due to a slight difference in the 
temperature carried. 

The gasoline and kerosene produced from the “cracked” oil con- 
tains a relatively large proportion of unsaturated hydrocarbons, but 
it is believed that, especially for the gasoline, this will be no serious 
detriment where the oils can be carefully refined and blended with 
the required proportions of uncracked products before being mar- 
keted. 


CARBON 
‘When the proper proportion of inert material ground to the proper 
mesh was mixed with the heavy oil, no carbon settled on the sides of 


the retort or in the vapor lines, but all was deposited in the inert 
material. 
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TaBLE 3.—Distillation analysis of crude oil obtained by cracking Casmalia 10° 
A. P. I. crude in Bowie-Gavin furnace in presence of dry shale 


(Sample No. 00635; specific gravity of oil, 0.942; A. P.I. gravity, 18.7°; percentage of sulphur, 2.7; percentage 
of water, nil; Saybolt Universal: viscosity at 50° C. (122° F.), 55 sec.; amount distilled, 300.¢.c. Distilla- 
tion, Bureau of Mines Hempel method] 


AIR DISTILLATION: FIRST DROP, 39° C. (102° F.) 


| | ! | 
| Specific |o 
© Per cent} Sum, ae A.P.I. Tempera- 
Temperature, ° C. cut per cent | ied | of cut Viscosity ture, ° F. 
Uy te 80 enon fil bites bos oby eerie | pret te sell atigateten eas es ammeset si Padligde ate Up to 122 
chee Dn cheat mel foe tt) Notes eye fate 0.6 0.6 | 122-167 
GVO coe oar Bente Es 2 en 2% 1.8 0. 767 REO gcaceoosund 167-212 
10015 od ne ter ee woe oe ee 2.1 3.9 ‘| 212-257 
16) -<) [| RE Manta ne er nC ae 3.3 7.2 825 40.0 |....... 02. 257-302 
VODA 60sec cet hoe tute, Sek Del we Ghee 25 9.7 B42 | 36.6 |.........- 302-347 
PSO ge hot rn ea Oe an cacy 3.7 | 13. 4 . 850 | On 0 i eee 347-392 
| | 0 2 a On a er ener 4.6 | 18.0 860 1 ie eee 392-437 
7-2 12 | Rea ee an eR Re | 6.0: 2A. 0 . 873 | 30.6 |.......... 437-482 
pT dee kc, San OCR oO te a eee ae 8.7 32.7 . 883 2120) soca fae: 482-527 
25-WO... 8k are ee . Sees eae Bhat a No nrc ne a nao ad §27-572 
VACUUM DISTILLATION AT 40 MM. 

Ge So er ea eat le 1.3 1.3 Up to 347 
Ween ne 3.4 47 } 0. 917 22.8 45 { 347-3922 
7.) 1 2s eat a RET aa ere ere nn 7.4 121 . 933 20. 2 56 392-437 
Pass) 1, | eee ee i ere enn ane me 7.7 19.8 . 950 17.5 112 437-482 
I PO cis eat icaemenn det cypher) haa td 7.3 27.1 . 966 15.0 | 258 482-527 
DAO A sca cae tee ont ane 8.4 35.5 .975 13.6 | 493 527-572 


TaBLeE 4.—Distillation analysis of crude oil obtained by cracking 10° A. P. I. Cas- 
malia crude tn the Bowie-Gavin furnace in the presence of Castlegate, Utah, coal 


[Sample No. 00628; specific gravity of oil, 0.952; A. P. I. gravity, 17.1°; percentage of sulphur, 2.6; 
percentage of water, 0.1; Saybolt Universal viscosity at 50° C. (122° F.), 75 sec.; amount distilled, 
3%0c.c. Distillation, Bureau of Mines Hempel method] 


AIR DISTILLATION: FIRST DROP, 62° C. (144° F.) 


: Specific | 
3 Percent Sum, "PeClHlC jon piri... | Tempera- 
Temperature, ° (. cut per cent . piasind | of cut | Viscosity ture, ° F. 
1 | 
pcan Nee ee ei Medora eka a taEoap ae aE (ee a Cee eee 
Up to 0... _. ROS Se een Me Pewee ene sid Neca ake ctuel hp o98od Ge tes Nahas chats _.. .....| Up to 122 
ORE honda ett Gt atoll ony ok Pete 0.3 | 03. 122-167 
75-100.....---.---. 2! LR 11 i 0. 757 56. 2 167-212 
100-125........._..... 1.2 2.3 | 212-257 
125-150... 8. 22, 4.5 | 798 45.8 |... 0k 257-302 
DORITS oss oe ea le 27 | 7.2: 830 39.0]... 0... 302-347 
175~200........_- 3.4 10.6 R54 | Vey 2 ane 347-392 
MOD ia os et, 5: 4.4 15.0 . 865 321|......_... 392437 
yo Ys | re ree nee 5.7 20. 7 . 880 | oe Ol ee 437-482 
PM ED cecal he Gato: pits pooty wa oe |e ah R 4 29.1 | . 900 7 Tae as See 482-527 
STM i a ia en pace les on a tae ee ae rag ta es ghee ins bene Maja miata eal alaed dlc etiaele sehen 627-572 
| | ! 
VACUUM DISTILLATION AT 40 MM. 
Up to 175_.................. Bette, kee! 0.2 0.2 - Up to 347 
15-000 oo es ee 41 4.3 0. 915 23. | 47 | 347-392 
py 2 eee are a ee eC ee Pe 45 10. 8 . 933 20. 2 63 392-437 
7 sar). | eR ec ee 9.2 20.0 . O54 16.8 1233 437-482 
74 | a? 4 dy eee ent eee OO ee 7.6 27.6 . 970 14. 4 257 482-527 
DO Se Fis da hate ata et se Dk 10. 5 38 1 . 982 126 615 527-572 
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TABLE 5.—Analysis of oil (Bowie-Gavin disttllate) obtained by cracking 12.5° 
A. P. I. Panuco (Mexican) crude oil 


(Sample No. F-001; specific gravity of oil, 0.919; A. P. I. gravity, 22.5°; Saybolt Universal viscosity at 
100° F., 65 sec.; ammount distilled, 300 c.c. Distillation, Bureau of Mines Hempel method} 


AIR DISTILLATION: FIRST DROP, 54° C. (129.2° F,) 


| Specific 
5 | Percent | Sum, Pee: 1024 Pe Al sas Cloud | Tempera- 
Temperature, © C. cut per cent ae of cut Viscosity test,° F.| ture, ° F. 
Ups acne Shoes itiaee ae. ne Deel A eRe tay oe Sige delasee CE ee 
50-75... -- ba Rane ae eens ln al Goals 0.5 0.5 | “ 122-1 
75-100.......... 0. ce 16 2 | |} 0. 728 62.9 |..--------).--------- 167-212 
1OQ=125 so eek Seed cesewe ac | 26 4.7 7m 54.7 212-257 
P25 V SO ok lb tha tecttates cat ae 3.8 R.5 783 BOON al el Ne Aso einad 5 257-302 
1S ds ee 15 13.0 ROB rt Ney ee ciate 302-347 
ATO 5 oe i oltre tats Se taeatinsen 4.8 17.8 | 823 MOS Me cl cushy peu 347-392 
P| | 9c |; ea ne 5.7 B.5 | , 843 ve eee een (eee Gouna 392-437 
22 250 ooo Ok he Sh ee fi, 2 29. 7 | . 867 Bek Weeks Ae APSE ee at ed 437-482 
P5275. ise ce be eee ba 7.5 37.2 . 890 7 iets | a Bes, Peenien a ieee 482-527 
DLO is ae et ed BS ek Ses el og St ie as alll Or eh ae eS Se Ses ce Es ee NN et a ee AL ease 527-572 
VACUUM DISTILLATION AT 40 MM 
idle at a Speed whats ee a — on oye 
UptO 200. oie fetes oes 2.0 20 Peete a eeceek an Go onder ecue Glos | Up to 392 
0-225. .0 0 4.6 6.6 | 0.912 B7 i Z 7 
py a 2 | eee ee ete 9.0 15.6 . 932 20. 3 51 0 437-482 
DO Bi Jo dice ct re ee Ee 7.9 23.5 . 48 17.8 73 | <0) 482-527 
7 MOO acevo ets cake! 11.7 35.2 | 


- 962 15. 6 120 | “4 527-572 


Notr.—Unsaturation crude naphtha 25.3 per cent, crude kerosene 33.2 per cent. Refined and doctored 
with about 17 per cent loss, not including steam still bottoms. 


INERT MATERIAL 


The proper amount of inert material to be used depended, of 
course, on the gravity and nature of the oil to be cracked, also on the 
nature of the inert material. When asphalt-base California crude 
oil (gravity, 10° A. P. I.) and ground shale or clay were used, best 
results were obtained from a mixture by volume of approximately 
60 per cent of oil with 40 per cent of inert material. 

Oil-soaked shale, such as occurs in the vicinity of Santa Maria, 
Calif., and in its natural state contains approximately 23 gallons of 
oil per ton, was found to be an excellent inert material. The best 
results were obtained when it was ground to pass about }4-inch 
mesh. The greater part of the inert material used in the experimental 
work was obtained from the Port Costa Brick Co., at Port Costa, 
Calif. It was taken after passing the pan mills, where it had been 
ground to the proper mesh for brickmaking. Sand of oil-soaked 
sands and sandstones, beach sand, coal, coke, and sawdust also 
served as inert materials, and the retort gave very satisfactory results 
when used to distill oil shales such as occur in Colorado, Utah, and 
Nevada. 

TUBULAR STILL 


DESCRIPTION 


Although a process was devised that gave promise of treating tars 
and heavy oils, oil-soaked sands and shales, combinations of tars 
and heavy oils with oil-soaked sands and shales, and oil shales satis- 
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factorily, no apparatus had been made that would successfully 
treat these materials on a commercial scale. The first apparatus 
designed was a tubular still (fig. 3). 

The oil and inert material separately entered one end of a horizontal 
tube, made from 8-inch standard black pipe; the oil entered through 


Ficure 3,—Tubular cracking still and apparatus for electrical coutrol 


a cup in the bottom of which was a valve, and: the inert material 

through a hopper beneath which was a pocket type of valve rotated 

by a sprocket and chain. Within the tube was a stirring rod fitted 

with paddles so inclined that their rotation mixed the oil and shale 

and conveyed them to a 3-inch vertical pipe welded to the 8-inch 
102495°—26——3 
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pipe near the opposite end. A relief valve was provided immediately 
above the 3-inch pipe, and the 3-inch pipe and the 8-inch pipe were 
fitted with openings in which thermometers or the terminals of 
pyrometers could be inserted. Both the horizontal and vertical 
pipes were incased in electric heaters and both were provided with 
vapor lines. In the bottom of the vertical pipe was a pocket valve 
similar in type to the one-used for introducing the inert material. 
_ The purpose of this valve was to discharge the spent inert material 
and carbon from the apparatus after ‘‘cracking” was complete. The 
valve was actuated by the same sprocket chain that actuated the 
inlet valve. 
OPERATING DIFFICULTIES 


It was proposed to heat the 8-inch pipe to a temperature somewhat 
above that of boiling water and to heat the 3-inch pipe to a cracking 
temperature of approximately 800° F. By careful control of the 
heat it was believed that the original oil, which usually contained 
2 to 15 per cent water, would be dehydrated in the horizontal tube 
and then forced by the paddles as “dry” oil into the vertical tube. 
Experiments proved, however, that this was not possible, and that 
when the mixture of oil and inert material reached the vertical tube 
it still contained a relatively large proportion of water—so much, in 
fact, that the steam formed in the cracking process caused the mass 
‘of oil, water, and inert material to be discharged as a foaming mixture 
from the vapor lines. In addition, the vapors leaving the cracking 
zone in the vertical chamber, instead of passing out through the vapor - 
lines designed to carry them to the condenser, entered the horizontal 
chamber where they condensed. The liquid then returned to the 
vertical chamber and the cracking process was repeated. Further, 
a great deal of time and heat was consumed in bringing the mixture 
to a cracking temperature in the vertical pipe, as the heat had to 
travel 114 inches through the inert material before the oil in the 
center of the pipe could be cracked. Another difficulty was that 
the spent inert material adhered to the sides of the vertical pipe and 
did not discharge by gravity through the valve in the bottom. 

To overcome this last defect, scrapers were devised to fit inside the 
bottom of the vertical tube. A pan was placed beneath the bottom 
of the tube and a seal effected by allowing the spent material to pile 
up in the pan. A small piece of angle iron, bent to a curve of about 
14-inch radius, was fastened to the shaft that carried the scrapers, 
just above the inside bottom of the pan. It acted in much the same 
way as the vein in the runner of a centrifugal pump, discharging the 
surplus inert material, without breaking the seal, over the lip of the 
pan into an ordinary 4-gallon galvanized-iron bucket. After re- 
peated changes and adjustments had been made in the length, size, 
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and construction of this angle-iron vein or ‘‘gopher,”’ the discharge 
mechanism gave satisfactory results, and the principle was used 
repeatedly in subsequent apparatus. 

Virtually the entire summer and fall of 1919 were spent in experi- 
mental work with this apparatus, and many runs were made with it, 
but for all practical purposes it was a failure; hence details of those 
experiments are not recorded. 


CONCLUSIONS 


Although the results obtained were negative, they nevertheless 
had an important bearing on the design of a succeeding apparatus, 
as they brought out clearly the following points that would be 
essential to success on a commercial scale: 

1. A successful machine must be so constructed that no matter 
how much water the oil contains the mixture can not foam into the 
vapor lines. 

2. The vapors when once formed must immediately be removed 
from the cracking chamber, or else any condensate that forms within 
the retort must be removed and not allowed to return to the cracking 
zone. 

3. Arrangements must be such that the mixture can be heated in 
thin layers; otherwise much time will be consumed in bringing all 
of the mixture to a cracking temperature, for the inert material is a 
very poor conductor of heat. 

4. The inert material and entrained carbon must be discharged 
under seal when all the vapors have been removed. 

5. The process must be continuous. 


THE BOWIE-GAVIN APPARATUS 


In an effort to fulfill these requirements the apparatus known as 
the Bowie-Gavin retort (shown in figs. 4 and 5) was designed and 
has since been developed. It consisted essentially of a bottom plate 
made of cast iron to which-heat might be applied. Above this plate 
was a wrought-iron cone, to the inner walls of which were welded 
three troughs arranged to discharge any entering liquids into 34-inch 
outlet pipes that also served as vapor lines. Resting on the center 
of the plate was a vertical shaft to which was attached rabble arms. 
with rabbles so spaced that the rotation of the arms would carry 
material from the center of the plate toward its periphery. To the 
bottom of the cone was attached a circular angle iron which did not 
come in contact with the plate, but was supported at intervals by 
washers. | 

The dutside of the bottom plate was surrounded by a ring of sheet 
iron that formed a lip. On the ends of the rabble arms were plows, 
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also called gophers, that discharged the spent inert material beneath 
the angle iron and over the top of the lip. Figure 5 gives a good idea 
of the action of these plows. In this way the spent inert material 
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Figure 5.—Rolling type of rabbles, discharge plow, and movement of inert material 


around the bottom of the cone formed a seal which was continually 
being replaced by added inert material forced outward by the plows; 
the surplus fell over the lip outside the apparatus without breaking 
the seal. 
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RABBLES 


The original design of rabble was soon discarded for the rolling 
disk harrow type shown in Figure 5, which gives a view of the appa- 
ratus with the cone-shaped cover removed. The disks have the 
advantage that when set at the proper angle their motion as the arm 
revolves becomes partly slip and partly roll, and their weight is enough 
to force them continuously to scrape through the mass of inert 
material and oil. This action prevents carbon from building up on 
the plate and is decidedly important. The formation of carbon on 
the plate greatly decreases the efficiency of the process, as the heat 
must pass through the plate to the cracking zone. 

The disk type of rabbles also is superior to a rigid type when the 
bottom must be made in more than one section, as is done in a 
retort of commercial size. Moreover, should one of the sections warp 
enough so that the edge projects above the normal surface of the 
plate and forms an obstruction, disks will roll up over it, whereas 
the rigid type of rabble will tear up the plate or break the harrow 
teeth or rabble arm. 

SOURCE OF HEAT 


Electric heaters were so placed beneath the bottom plate as to 
supply zones of constantly increasing temperature for the material 
moving from the center of the apparatus to its periphery. The 
electric heaters, however, were not altogether satisfactory; some of 
them were constantly burning out, and the construction of the 
machine was such that their replacement was rather tedious and 
difficult. For this reason and because a commercial apparatus would 
probably be fired either with gas or oil, the electric heaters were soon 
discarded for a circular gas furnace that was fired at three points on 
its circumference and so arranged that the products of combustion 
would travel from the outer rim of the plate toward a stack near its 
center. San Francisco city gas was then used as a source of heat. 
A small air blower was used to facilitate firing. 


MIXER 


In the first experiments with the laboratory-size machine the 
inert material was fed separately into the apparatus by means of a 
spiral conveyor operating in a T and a short piece of horizontal pipe 
so arranged as to drop the material on the center of the plate from 
& point near the apex of the conicalcover. The oil, after being heated 
enough to make it fluid, was fed into a cup at the left of the cone 
near its top. However, equally satisfactory results were obtained 
by mixing the inert material and oil in the desired proportions and 
to the proper consistence before feeding them into the apparatus. 
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This mixing was done by means of a device (fig. 6) which consisted 
essentially of a double trough 3 feet long by 11 inches wide inside 
and 1414 inches wide outside. As Figure 6 shows, the bottom of 
the trough inside was rolled to conform to the circumference of a 
circle with a 5-inch radius. Within the trough and revolving on a 
central shaft were blades arranged in spirals in much the same man- 
ner as the blades of an ordinary lawn mower. The inert material 
and the oil to be mixed were placed within the trough and the blades 
slowly revolved. The blades mixed the material thoroughly and 
at the same time moved it gradually to one end of the apparatus, 
where it discharged through a 6-inch outlet pipe. The rate of dis- 
charge was controlled by a sliding door. 

The mixer had a sheet-iron cover, and between the inner and outer 
walls was a space of approximately 2 inches divided by baffles into 
compartments. On the bottom of the outer wall near the ends were 
welded short pieces of 4-inch black pipe, from which sheet-iron pipe 
connections led to the furnace stack. By this arrangement part of 
the exhaust gases of combustion could be passed between the inner 
and outer walls of the mixer to preheat the oil and inert material 
during the mixing. 


OPERATION OF APPARATUS 


The mixture of oil and inert material was fed by means ot a spiral 
conveyor (5, fig. 7) into the T attached to the top of the cone. The 
mixture fell on the plate near its center and the rabbles éarried it in 
a relatively thin sheet to the periphery. As the material moved 
outward it passed through zones of increasing temperatures, and the 
oil it contained was cracked. Most of the vapors passed out through 
the vapor lines, but some condensed on the sides of the apparatus. 
This condensate ran down the inner surface of the cone and was 
prevented from returning to the cracking zone by the troughs, which 
carried it to the vapor lines and out of the apparatus. The con- 
densate also served to wash down the light particles of carbon that 
settled on the sides of the apparatus and to carry them out through 
the condenser lines. 

IMPROVEMENTS IN DESIGN 


Noteworthy improvements in the design of this apparatus have 
been the construction of the bottom plate in two pieces to prevent 
cracking through expansion and contraction, the substitution of disk 
harrows for the rigid rabbles described, changes in the vapor lines, 
changes in the plows, and changes in the method of discharging the 
spent material which make the action more positive. These im- 
provements will be discussed in the description of the semicommercial 
machine. 
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RESULTS OF EXPERIMENTS 


By the end of 1923 the authors had made 72 runs with this apparatus; 
oils of various gravities and varying proportions of inert material 
were used in them. The longest continuous run, made with heavy 
Panuco (Mexican) crude, lasted 20 hours and 15 minutes, during 
which time 2 barrels of oil were fed into the apparatus. The results 


FiovRe 7.—Arrangement of apparatus and appurtenances in the San Francisco laboratory. (See text for explanation of figures) 


obtained were highly satisfactory. Inspection showed that the 
apparatus at the end of the run was in virtually the same condition 
as at the beginning. 

Figure 7 gives a good idea of the arrangement of the apparatus and 
its appurtenances in the laboratory at San Francisco at the time 
this run was made. 
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The numbering of the parts is as follows: 1, Motor operating the 
main drive; 2, main-drive pulley; 3, oil and shale inlet; 4, reduction 


-gear driving the spiral conveyor in the T (4); 5, T fitted with spiral 


conveyor; 6, conical hood; 7, 8, and 9, vapor condensate pipes 
leading to separate condensers; 10, 11, and 12, outlets from the 
condensers; 13, gas-fired furnace; 14, gas pipe, supplying the fur- 
nace; 15, air pipe supplying the furnace; 16, furnace flue; /7, 
receptacle for the inert material and carbon discharged from the 
apparatus; 18, additional condenser through which the noncon- 
densable gas passed; 19, discharge pipe for the noncondensable gas; 
20, pyrometer indicator showing the temperature on the bottom 
plate of the apparatus; 2/, pyrometer indicator showing the temper- — 
ature inside the apparatus, 6 inches above the bottom plate; 22, 
pyrometer indicator giving stack temperatures; and 23, gas meter 
for measuring the amount of noncondensable gas produced in the 
cracking process. 

The mixer was being repaired at the time the photograph was 
taken and hence does not appear in Figure 7. It rested on the top 
of the platform and had its discharge end near 3. | 

Tables 6 and 7 give the results of the 20-hour run. The gravity 
of the oil used in test 1 was 12.3° A. P. I.; the gravity of that used in 
test 2 was 13.2° A. P. I. The first run lasted from 11.30 a. m. to 
10.05 p. m.; the second test began at 10.05 p. m. and lasted until 7.43 
a. m. the next day. The fixed gas was measured as carefully as 
possible with a gas meter. Although it was wasted into the atmos- 
phere, nevertheless an attempt was made to estimate the amount of 
fuel oil that would have been required to run the plant had oil been 
used as fuel and the fixed gas saved and burned with it. These 
figures, of course, can only be considered approximate. 
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24 THE BOWIE-GAVIN PROCESS 
EIGHT-FOOT SEMICOMMERCIAL APPARATUS 


As has been stated, 72 runs were made with the 3-foot laboratory 
machine. It is not surprising, therefore, that toward the close of 
this part of the experimental work, fairly uniform results could be 
obtained. 

As with the bench apparatus, in many experiments the yields of 
cracked products and the gasoline content of the cracked oil were 
remarkably high. In general, best results were obtained when the 
temperature was held at or near 400° C. (752° F.). 

Apparently, however, some other type of bottom plate had to be 
developed if the process were to be used commercially. A machine 
of commercial size should be perhaps 25 feet in diameter. Obviously 
the type of bottom used with the laboratory machine would be out 
of the question for a machine of much larger diameter, because in- 
equalities in heating and expansion and contraction of the metal 
would soon disrupt it or warp it so badly as to render it useless. 

To build and experiment with a 25-foot machine would have 
required more money than the bureau could expend; so it was decided 
to construct a semicommercial machine 8 feet in diameter to solve 
as far as possible all the mechanical difficulties that might arise in 
the construction and operation of a larger commercial machine. 

During the summer of 1921 an appropriation of $2,200 was made 
toward the construction of this 8-foot apparatus, which was enough 
to furnish labor and materials practically to complete the first ma- 
chine and the necessary condensers. Through the personal efforts of 
Albert B. Fall, former Secretary of the Interior, an added appro- 
priation of $3,400 was obtained later in the year as an operating 
fund. The machine was built on vacant property in the rear of 
746 Sansome Street, San Francisco. Except for the bottom plate, 
its construction was much the same as that of the laboratory appa- 
ratus. 

FOUNDATION 


Figure 8 shows a plan and elevation of the furnace and part of 
the foundation. The foundation consisted of reinforced concrete, 
the lower part of which was a mat 18 inches thick by 10 feet 3 inches 
in diameter extending to the surface of the ground. Superimposed 
on this mat was a ring of concrete 9 feet 214 inches in diameter and 
16 inches thick, and superimposed on this was a second ring 5 feet 
in diameter by 914 inches thick. A central pier of concrete 10 inches 
in diameter, incased in a terra-cotta flue lining, extended from the 
ground line to a point equal in elevation to the outer walls of the 
furnace. This pier formed a support for the central casting of the 
bottom plate, which in turn supported the central shaft to which 
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the rabble arms were attached. Surrounding the central pier was 
an angular ring, approximately 3 inches wide, that served as a flue 
space. Connected with this angular ring and passing through the 
foundation, as shown in Figure 8, were terra-cotta flue linings 11 by 
15 inches, inside measurement, placed end to end and leading to the 
stack base which was built of common red brick. 


BOTTOM PLATE 


The outer part of the bottom plate and hearth rested on the fur- 
nace walls, and the inner part was supported by short pieces of T 
rail made of cast iron spaced to form baffles to obstruct the free 
flow of the furnace gases in their passage from the fire boxes to the 
flue surrounding the central pier. This arrangement enabled the 
operators to distribute the heat evenly over the hearth. 

The plates, with the exception of the center one, were wedge 
shaped with flanges or steps on their sides and ends designed to over- 
lap when assembled, somewhat like the lid and surface of a stove. 
The plates that came in contact with the hot gases of combustion 
were approximately five-eighths inch thick; those that rested on the 
outer walls of the furnace were fifteen-sixteenths inch thick. The 
central casting was circular, with a hole in the center for a founda- 
tion bolt and above this a recess to carry the rabble shaft. Four 
wings on the bottom of the central casting were designed to engage 
in slots in the top of the concrete pier and prevent the casting from 
rotating with the movement of the shaft. There were three con- 
centric rings of plates, and the plates in any one of these rings were 
interchangeable. 


COVER 


Figure 9 is a plan and elevation of the wrought-iron cover that rests 
on the hearth or bottom plate. The bottom part of this cover con- 
sists of a strap iron three-eighths inch thick, bent to conform to the 
circumference of a circle 8 feet 514 inches in diameter. To this strap 
iron was welded one leg of an angle iron 3 by 3 inches by -}; inch, bent 
to conform to the circumference of a circle approximately 8 feet in 
diameter. Resting on this angle iron and welded to the other leg was 
a cone made of 1{-inch sheet iron. To the inner walls of the cone, 
near the bottom, were welded strips of }4-inch sheet iron to form 
gutters draining to 3-inch outlet pipes, as shown. 

The cone was also fitted with a manhole, three look boxes made by 
welding short nipples of 6-inch pipe to the cone, an inlet pipe for the 
mixture of oil and inert material, a vapor line, a pipe for a pyrometer 
terminal, and a 35-inch stuffing box to admit the drive shaft which 
passed through the apex. 
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The strap iron on which the wrought-iron cover rested was not 
continuous but had three openings in it, approximately 8 inches 
long, discharging the spent inert material and carbon, as will be 
described later. 


SPENT INERT MATERIAL AND CARBON DISCHARGE 


Three openings through which the carbon and spent inert mater- 
ial were to be discharged were left in the strap iron upon which the 
cone rested. These openings were equally spaced about the cir- 
cumference of the strap iron. They were about 10 inches long 
and 37% inches wide, the height of the strap iron. Wrought-iron 
gates slightly smaller than the openings, hinged at one end and bent 
to the same radius as the strap iron, closed these openings. In oper- 
ation, the free ends of these gates were made to extend about 1K 
inches beneath the angle iron into the cone, and were held in this 
position by weights or springs. 

To effect a seal between the bottom of the strap iron supporting 
the cone and the top of the plate, a piece of sheet iron approximately 
1 foot wide was placed about the circumference of the brickwork near 
the top of the furnace, so that it projected about 10 inches above the 
top of the brickwork; the space between this sheet iron and the 
bottom of the cone was then filled with fine spent inert material and 
carbon. 

It was planned to adjust the plows on the ends of the rabble 
arms so that during their rotation they would gather the spent inert 
material and carbon in a pocket formed by the bottom plate, the 
strap iron supporting the cone, the leg of the angle iron resting on the 
strap iron, and the plow itself. As the greater part of the spent inert 
material and carbon pushed before the plow was dry and granular, 
it would be forced behind the gate and, when the plow reached the 
gate, it would be forced out of the apparatus into the seal of inert 
material outside, of which it would then become a part. | 

However, in order to maintain about the base of the cone a seal 
deep enough to prevent the escape of gas from the apparatus, so 
much power was needed to open the gates that the plows were either 
bent enough to become useless or were broken. Solenoids were 
then made which were timed to operate the gates at the exact instant 
the plows reached them. The timing mechanism proved unsatis- 
factory, and this entire method of discharge was discarded for a 
screw-conveyor system which was perfected in connection with the 
finally accepted type of bottom plate. : 
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IMPROVED DESIGN OF HEARTH 


A number of fairly successful runs were made with this machine. 
Table 9 gives the results obtained from them. It was soon found, 
however, that the plates subjected to the greatest heat warped so 
badly that the edges of many of them curled up enough to permit 
the fine particles of inert material and carbon, depended on to 
form the seal, to drop out of the flanges or steps and allow the escape 
of the petroleum vapors into the furnace. Some new plates for the 
“hot ring” were obtained, and various methods of supporting them 
were tried. As the trials proved unsuccessful, the plates were finally 
discarded entirely, and a new type of hearth was designed to over- 
come the difficulties mentioned. 
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This hearth consisted of a center casting surrounded by two con- 
centric rings of castings. The castings in each ring in the first 
hearth were interchangeable. 

The central casting (fig. 10) was 2 feet by 6 inches in diameter and 
44% inches high. It had at its center a hub projecting up 24 inches 
to form a bearing for the vertical shaft that carried the rabble arms. 
The surface of this casting was one-half inch thick and was supported 
from beneath by ribs and webs. The outer rim of this casting was 
stepped and grooved so as to form a female joint for the reception 
of the next abutting castings. 

Figure 11 shows a plan and various sections of one of these abutting 
castings. It was wedge shaped, and its greatest dimension was 254$ 
inches. Two sides of it were fitted with male connections consisting 
of flanges, and two sides with female connections consisting of steps 
and grooves. The surface of the plate was approximately seven- 
sixteenths inch thick and was supported by a system of webs. 

The castings (fig. 12) of the outer ring were constructed in much 
the same manner as those of the middle ring, except that the outer 
circumference was a plain face and its greatest dimension was 194% 
inches. . 

Figure 13 gives a good idea of the condition of the various castings 
before assembly and shows plainly the plan of the male and female 
joints. If a plate warped and one edge curled, it would have to 
carry up the neighboring plates with it. As the rabbles were de- 
signed to roll over rather than to tear up obstacles, it was believed 
that even though the plates warped enough to produce waves in the 
surface of the hearth they nevertheless could be used until the 
warping became so great as to obstruct the passage of the rabbles. 
Experience proved that this supposition was correct; at one time 
six of the plates were so badly overheated that they finally had to 
be replaced, but not, however, until the warping had become great 
enough to block the rolling disks in their passage. Even in this 
condition the joints between the plates were still tight and showed 
no signs of permitting the petroleum gases to leak into the furnace. 

The outer ring of castings rested directly over the fire box of the 
furnace (fig. 13). The gases of combustion passed up through the 
web construction of the outer plates and thence along beneath the 
surface of each successive casting, through the webs toward the 
angular ring forming the stack at the center of the furnace. A very 
effective seal was maintained by the fine particles of inert material 
and carbon collecting in the cracks between the joints of the castings. 
Outside the outer castings a ring of strap iron 4 inch by 5 
inches was placed. It was made in two pieces bent to conform to a 
circle of the desired radius and was put together with four 1-inch 
bolts. With the previously described type of bottom, springs were 
used for taking up the expansion and contraction, but did not prove 
satisfactory. 
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30 THE BOWIE-GAVIN PROCESS 
BURNER AND FIRE BOXES 


San Francisco city gas was at first used for fuel, but as it was 
expensive the use of cracked oil and noncondensable gas, products 
of the process, was considered desirable. A type of burner that would 
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FIGURE 13.— Bottom plate of 8-foot retort, showing male and female Joints and flue spaces 


burn cither gas or oil or both was designed and constructed. Dutch 
ovens were built adjacent to the five openings in the fire box. Four 
of these were approximately 18 inches square, inside, and the fifth 
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approximately 5 by 3 by 2 feet, inside. Figure 14 shows the large 
fire box and part of two of the smaller ones, as well as the final 
arrangement of the plant 


-Eight-foot retort complete with Dutch ovens and condensers 


FIGURE 14,- 


CONDENSERS 


The condenser box was made from No. 20 galvanized iron and was 
1 foot 8 inches wide by 8 feet high and 22 feet long. It was sup- 
Ported in a wooden frame (fig. 14). The condenser pipe leading 
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from the apparatus was made from welded sheet iron. At the outlet 
of the apparatus this pipe was approximately 18 inches in diameter; 
it tapered from this point to a 12-inch elbow, made of the same 
material, which was bolted to a flange at the far end of the 12-inch 
pipe, as shown in Figure 14, just above the condenser box. The rest 
of the condenser consisted of one length of 6-inch pipe, one length 
of 4-inch pipe, three lengths of 3-inch pipe, and one length of 2-inch 
pipe, all of which were below the water line. The reducing nozzle 
from the 12-inch pipe to the 6-inch pipe was drilled and tapped fora 
114-inch pipe connection. 

By this arrangement all the product of the air-cooled condensers 
was carried away separately and, by proper operation of the plant, 
water contained in the original oil could be collected with the nee 
fractions from which it could be easily separated. 

The noncondensable gases were trapped immediately shove the 
U seals at the outlets of the condenser. Through an arrangement 
of by-passes they could be carried to a stack and discharged above 
the top of an adjacent building or into a receiving drum, and thence 
through a 600-cubic foot meter where they were measured. After 
they had passed through the meter they were picked up by a small 
blower and delivered to the fire boxes. This arrangement was, of 
course, very inefficient and can not be recommended for commercial 
use. Such noncondensable gases must be scrubbed, otherwise a 
material loss in gasoline content from the cracked product will result. 


POWER 


Power for the rabbles, the mixer, and the spent shale discharges 
was furnished from a main drive run by a 7}4-horsepower motor. 
Steam for atomizing the fuel oil and heating the original oil, which 
was stored in a 200-barrel tank, was furnished by a 20-horsepower 
vertical boiler. The original oil when heated enough was forced by 
a rotary pump through a 1)4-inch line to a definite point above the 
mixer, where it could be drawn off into a calibrated container and 
delivered with batches of inert material into the mixer. From the 
mixer the mass was fed into a hopper, thence into a spiral conveyor 
which delivered it under seal into a 4-inch inlet pipe near the apex of 
the cone. From this point it dropped or ran down the slowly re- 
volving vertical shaft onto the center of the hearth. 


DISCHARGE SYSTEM 


After the carbon and spent inert material were moved over the 
hearth by the rotating rabbles, they were scraped by the plows on 
the ends of the rabble arms into a pocket cast in one of the hearth 
plates in the outer ring of castings, with the center hole in the back- 
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ground of the casting inverted on the assembled part of the hearth 
shown in Figure 13. Three such pockets were originally used, but 
by properly operating the discharge mechanism one pocket was 
found adequate. 

DISCHARGE MECHANISM 


A 3-inch pipe, with one end blanked and otherwise shaped so 
that it could be welded on the casting in such a manner that the run 
of the pipe was perpendicular to the axle of the pocket, formed a 
bottom for the pocket and at the same time functioned as a con- 
ductor through which the material falling into it was moved, by 
means of a spiral conveyor, to a point outside the furnace wall and 
discharged into an ordinary 4-gallon bucket. A conveyor made of 
cast iron with the ordinary ribbon type of flight was originally used, 
but wear and tear became such an item that it was soon discarded 
for a flight made from 5-inch square iron bent into the form of a 
spiral spring. 

OPERATION 


A number of runs were made with this machine. Although the 
results of many of these were not very satisfactory because of neces- 
sary mechanical adjustments of the apparatus, some gave ample 
proof of the possibility of making the process continuous if proper 
control of feed and temperature were maintained. During the 
first runs difficulties arose from overheating some of the castings 
in the outer ring of hearth plates, but these were overcome by recon- 
structing the fire boxes and placing a pyrometer thermocouple in the 
back of each box so that the temperature could be controlled at that 
point. 
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This machine was operated intermittently from May 25, 1922, to 
July 29, 1922. During this period the castings forming the bottom 
plate were repeatedly heated and allowed to cool, which, it is believed, 
represents the most severe conditions of operation. At the end of 
this period, however, the plates were in virtually the same condition 
as when the series of runs began. © 

Table 10 gives the results of these runs. As the operating crew 
was untrained in this class of work and as many mechanical difh- 
culties were still to be overcome, the plant often had to be shut down 
in the middle of a run without notice; in consequence accurate data 
could not always be gathered. The results, therefore, can be con- 
sidered as approximate only. 

Runs 41 and 42 were made for representatives of the Sinclair 
Refining Co. All data were carefully taken and recorded. A barrel 
' of the cracked product recovered, with a gravity of 19.1° A. P. L., 
was shipped to the Sinclair Refining Co. at Whiting, Ind., and the 
following report of its analysis was submitted by H. L. Pelzer, 
experimental] engineer of the process stills department. 


Analysis of oil cracked by the Bowie-Gavin process 
I. SYNTHETIC CRUDE 
A. TESTS OF STOCK RECEIVED 


Gravity, °A. P. I., 19.1. B. S., per cent, 0.3. 
Flash, °F., 125. Sulphur, per cent, 3.63. 
Pour, °F., 0. Heat, 57. 
500-C. C. DISTILLATION; INITIAL, 263° F. 
Percentage over— a ag Gravity Percentage over— rember 
oF. °A.P. I. oP. 

AO eit hide ance tneata et tee ned 442 90. 6 ll OF. toencatichel sail eee 234 
D0 doce easien Phony eee eecea out 506 BB Oe reise hes 374 
OU e fern tld eles cea 558 DTS ence oe ras Beau can 400 
7 AR ROGGE Yh til SOVISIE” a mien EN 604 BO AD cre ec as oe een ee 450 
Gas NE utente em tte Ue EN cc eh 646 OE O05 note oon cece ae hata 4s 500 
WO eint erie aaa geen aaa es 681 | BB (AO Tes. heds dees aes cae S Guctes 600 
70 715 | 17.1 
BU te eas neh eae at aes, cen 721 15.5 
rT) 751 14.8 


NOTE.—10 per cent bottoms—solid. 


In order to get information on this material, a sinall amount was charged, run 
in 10 per cent cuts, and tested. 


Percentage over— | Gravity | Flash Fire Dare: Pour Color 
| Saybolt 
CA. PTI. oF oF seconds oF 
ee ets ee | ee 45 | CO FSCS TCO Dos 
Dt te Sate SU OER tne Se 30. ark green 
30. F083 205 240 0 Do. 
40 | 22. 2 260 200 49 0 Do. 
Oo 19. | 290 | 330 7 0 Do. 
60 16.3 $25 375 137 0 Do. 
70 13.9 355 | 41h 310 20 Do. 
BV, clatciots Pel as he De cs certain tefl 13.6 | 385 445 821 25 Do. 
Oi sd. 3 gheotesal eateony ss Sa eee 12.0 | 400 | 465 | 39/210 30 Do. 


NOTE.—10 per cent bottoms—asphalt, 
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From the above run the following running sheet was outlined: 
B. YIELD DISTILLING FOR TOWER STOCK 


[Charge, 100 per cent; gravity, 19.1° A. P. I.] 


Charge | Gravity 


Percent |\° A. P.1. 
25.0 34. 


NOW SLOGK a5 ooh cs out ic ne semmie antes boxe ies cemnetedeswiensoeeck Uceeeeeeecs: .3 
Lubricating distillate......... 2-2-2 eeee eeee eeeeeeeeeeeeeeeee 63.3 19.6 
SON GSDNAIL Sen teed Ave ectre re wueeueu awaits Cans oueew aaeetambees eeateeseesetbaseenwe 11.2 9. 0 
RS eee eke ee ea ae eh eth ek ee ein cto ah Mictye teats O08 Peas bos 
p ee iey ee rae oat oe 


II. PRODUCTS FROM TOWER STOCK 


The tower stock treated with 6 pounds of 66° acid, finished with doctor treat- 
ment, and rerun in tower still for 450 end-point gasoline; loss on treating, 3.0 per 
cent of charge, or 0.75 per cent synthetic crude. 


YIELD-—-RERUNNING TOWER STOCK 
(Charge 24.3 per cent synthetic crude; gravity, 34.3° A. P. I.] 


. Synthetic 
Charge crude Gravity 
| Percent | Percent |° A. P. I. 
450 end-point gasoline............_..-.-.-.---------_- 2-2 eee ee eee eee 62.0 15.0 39. 4 
Bottoms —98$ Ol. oo coon. os eeeeawee secs eenesbuseeccdes gus cu tees be 36.7 3.9 26.0 
TOS sg ae eas ena ar ee Oe eh hate ae alas Se A as Sy hel celta 1.3 064) Soe. c 


The 450 end-point gasoline was given doctor treatment. 


TESTS OF FINISHED GASOLINE 


Gravity, °A. P. I., 39.4. Sulphur, per cent, 1.8. 
Heat, °F, 44. Color, 0. 
Iodine, number, 160.5. Doctor test, N. g. 


100-C. C. DISTILLATIONS 


Gasoline Gas oil 


Percentage over (initial boiling point | Temper- || Percentage over (initial boiling point | Temper- 
212 F.)— 418° F.)— 


ature ature 
a eS sn ee ce ges 
oP. oF. 
s ath es cet Ree fo ch 21 os ee re 461 
P) rhe eee eee DOT QO os ask teh ie oe ee ae aha Sead ee 478 
40 CO IS Sea ae ee wee ieie oo Sia Bie aia a Sis, eae eeiwe eee 320 30 © eave ai afar Sisisclale coves arerdsevciancaeta te alee mis trara eee 484 
BQ ttre reece eee eee e eee BO YEA oe tan re) ape oe A ae we OI Cee ea ce 496 
60 ee SSG ata hat le oa ah eects’ eae BA S08 ais 6 crs etre ees SS pee Se eR l 507 
ee eee eae eae TS | Rc ee ac ene ie em ORE Ee 516 
ee eerie nye ce eee OO TOs esc giak vce tecas ouorestuaed eeses 540 
ete ee Umit Tle ee 397 | cee a oN eed Pet Bana 8 
ree aoe Soe sie Soh a ek eo bn hh dal B15 PO en coh Bogs Ge as bt Eee oe oe toe 508 
ao PON att iss gee ahs cc iata eeieke a cate 449 |; 10 per cent bottoms.._.._...............|..--.--.-- 
NY sis tata cega cee Canina sai SG ah 
2 Roe, a ee 374 19... ee one oon enn een e ere en ee necee aie 
a ne _ = 
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Ill. DISTILLATION OVER LYE OF LUBRICATING DISTILLATES 


STRAIGHT CUTS 


. F , Viscosity 
No. | Cut Gravity Flash Fire at 100° F. Pour 
pan Ss «a ae 
| Saybolt 
| Percent |° A. P.I. =F ae seconds oF. 
) ele ee ee eee peer eed ee ee ee 5 | 3L9 135 165 36 0) 
( IES AR SMC, OER CL ee ERA ee Ee ey) TM | 10 | 23.9 170 205 38 b] 
> RE the SP Re an ee I oe ne ee OOP ee Fe) 15 26. 5 205 240 40 9 
4_. x 20 25. 3 210 245 42 9 
Boia d— Boe 2% ope 5 8 ye oe a ee eS ge ee al 25 24.3 220 250 44 ) 
6_. ae 30 23.1 235 | 275 47 v) 
7; : 35 22. 0 255 | 295 50 d 
| ay Se Ge ee i A ene ee eS ee, 40 | 21.3 270 310 34 s] 
| Pe a ea, ere ee ee 45 20. 4 290 330 60 i) 
i ea a Ee Be Seer ee ee ee 50 19. 5 295 335 70 i) 
| a See Oe gl Pa a ag PERE te Fp et 55 18, 2 300 355 83 
> Pe 60 17.0 315 360 eal a 
| ee ees meer eer ores seer a 65 16.1 | 330 390 121 0 
| EO eae ay ey ee eS ee ae 70 15.9 340 | 410 164 1 
Datusthe toda tote laut ethassswadidnndn 75 15.5 340 | 420 226 15 
Si cecac aw axet doe car ee see 80 15. 0 350 430 308 » 
| aR lie le tll Om Meg ar ha R5 14.6 360 445 426 % 
| a er, os See ee eee he Ee 90 14. 0 370 470 608 0 
ERS Eee ae ee ee 05 13.7 375 | 465 306 a 
MIXES 
Syn- ’ iscos- 
Cuts Grade Charge| thetic |Gravity| Flash | Fire | ity at | Pour 
| crude 100° F. 
Per cent Per cent,\°A.P.1) °F. °F. |Seconds| °F | 
1 to 9 (inclusive). ..| Gas of]_................. 45.0 28.5 24. 5 25 266 '2..<.-<.: 
10 to 14 isochrone .| 100-viscosity distillate___| 25.0 15.8 17.0 315 360 104 0 
15 to 19 (inclusive) _| 500-viscosity distillate._.| 25.0 15.8 15.0 370 445 450 35 
Bottoms... .2.- <2. Caustic fuel...) ss ..cese 3.5 Bs 2a be Se eeceetl onesie eaccuclen sGanee 


An attempt was made to treat the 500-viscosity distillate with 10 pounds of 


98 acid, but the color of the resultant oil was very dark. Treating loss was 4.0 
per cent of charge. 

TESTS OF TREATED 500-VISCOSITY OIL | 
Gravity, °A. P. I., 15.7. Pour, °F., 30. 
Flash, °F., 375. Color, dark. 
Fire, °F., 445. Emulsion, good. | 
Viscosity at 100° F., 420 

IV. SUMMARY OF PRODUCTS 
Grade 

S50 6nd - DONE Came, ots sn aS Sct od octet Sacwhac Gina cio ionwee anne a5 
RGN OU ns cote ete Stes eat aa SERED baa ORCA care aaa awa eeeeaeae 
OU WiReaal be SMC nt ick oo ile ce Be nce nas occas phticd oe pieces ate were ete duen eee 
WO-vlacoslty CISthA66 ono o2 ok cy as co decu sas aneatit retest awerdeceesacachaneensee 
 ORISO HORE. coos wtbetes nc eweklan EE POE LOR eee ee Re 
SOT MERE coe a as ack Ookwac wees Stewart as acca wentecia eR aene tea CSC CO UaeEe 
BRE Ton eo San tulen 46 Cea a ete da Nae Bee ad ALR Ra aE Oe nee | 


mii an Original from 
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Run 48, the longest continuous run, lasted 67 hours. It began on 
July 24 and ended July 27 at 4.30 a. m., when the fuel feed-pump 
broke down; in consequence the plant had to shut down until 12.20 
p.m. of that day, when run 49 was started. The furnace, however, 
was not allowed to cool, and in effect runs 48 and 49 can be 
counted as one. Run 49 lasted 49 hours. Upon its completion 
operations were discontinued because of lack of funds. If these two 
runs are counted as one, the plant was in continuous operation from 
the morning of July 24 to the afternoon of July 29. 


FIXED GAS 


In runs 13 to 49, inclusive, the noncondensable gas was used to 
supply part of the fuel. Analysis of the calorific value of this gas 
was made by J. O. Wiley, assistant engineer of the California State 
Railroad Commission, using gas-testing apparatus loaned by the 
commission. It varied from 741 to 1,203 B. t. u. per cubie foot. 


FUEL 
The arrangement of using the fixed or noncondensable gas in com- 
bination with cracked oil for fuel worked out satisfactorily so far 
as furnishing an adequate supply of heat was concerned; but, as 
will be noted from Table 10, the fuel consumption was high. As 
the fire boxes were originally designed for gas, the change to oil 
made them inefficient, and the stack tempcratures were at all times 
abnormally high. It is believed that the indicated amounts of 
fuel used should not be taken as a criterion of what is possible with 
a properly designed fire box. 


VISCOSITY OF PRODUCTS 


Table 11 compares the viscosity of the cracked product, also the 
residual oil after the gasoline and kerosene cuts had been removed, 
with various California crude oils. 


TABLE 11.— Viscosity of various crude oils, original oil, Casmalia crude, 10.9°A.P.I. 


a == — 


° ALP, 
: Furol 
(approxi- 7 
Innate) seconds 
At 77° F. 
Bowie-Gavin cracked oil, ran No. 1, 8-foot furnace. _...-_.-22 222-222 e eee 20 1326 
Murvale, sec. 20, T. 32 S., BRE ce ee i, AGIA oe yale dy wee ree 24 1734 
Midway Pacific, sec. 24 7. 7H eae 3 Gs 0) | nn er en ee ee aes 22 33 
Murvale, sec. 18, T. EO Ree On Bae Bod Sie oe ie Pe EL eed eB Be A, cudhe atl 2h! ees | 2 23 
Pan American Co,, sec. 6, T.319.,R. 256. _.............-.- cece e eee eee eee | IX. 8 | re 
Associated Oil, sec. 35, T. 318., R. 22E........)) eee eee eee eee eee 16.0 25 
Bowie-Gavin residuum, run No. | (gasoline und kerosene cuts removed) _ Peet at 10.0 | 305 
| ‘At 122° F. 
dap abtt residuum, run No. 1.._......... 022. ee ee ene ee ee eee ee ee eee eee eee | 10.0 © 45 
E.& M. o., sec. 16, T.319.,R. DE 14.0 OW 
Associated Oi OG:,.56C. 30; Pod Se, Reet Boo oo eee ti ches eee aS eee acceey 16.0 | 44 
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The reader will note that the residual oil made from Casmalia 
10.9° A. P. I. crude had virtually the same viscosity as 16° A. P. I. 
California crude produced in sec. 35 T. 215S., R. 22 E., in the Midway 
field, which shows that so far as viscosity is concerned the residuum 
should make at least a good fuel oil. 


REVIVIFYING SPENT INERT MATERIAL 


The inert material gathered so much carbon after being used about 
three times that further attempts to reuse it were unsuccessful. 
This means that the volume of new inert material necessary for 
a plant would be about 1314 per cent of the volume of oil treated, 
or on the assumption that the inert material was of such specific 
gravity as to require a 50-50 mix by weight, the total weight of new 
inert material to be supplied would be approximately 1624 per cent 
of the weight of the oil. 

Where cracking could be carried on at or near wells in the vicinity 
of a suitable supply of inert material, this item should not prove 
prohibitive. The cost of mining, tramming, and crushing the brick 
material (shale) produced during 1920 by the Port Costa California 
Brick Co. was approximately as follows: 


Cost per ton of mining and crushing shale 


Minit tac ites 2eo. eee ee ook $0. 07 
POW CCF xg So te eS eae ele dada oe ede 025 
SP PAMAMING (9 65 ho ce Br oe ei ee ee a 0125 
Crushing 4:22 so22- abe seal gon eee eee aoe 0125 
DOW OF oe inte hele enter ts Riis Shas a eee 0625 
OB Da pee hs Pet Meo ene etl 1825 


This figure of 1814 cents was based on the handling of 200 to 220 
cubic yards of shale a day. The material was mined in an open 
pit with a small steam shovel and trammed in cars about one-third 
mile to the brick factory, where it was crushed in an 8-foot pan mill. 
These mills cost about $3,000 complete and have a capacity for this 
shale of about 10 tons per hour. 

If, however, the process were to be applied to the reworking of 
residuals about a refinery, the problem of supplying new material 
and discarding the old might become serious. Probably the most 
desirable material to be used there would be discarded fuller’s earth, 
which could be done if some means were provided for separating the 
carbon and fuller’s earth. Experiments have shown that regenerated 
material of this class works quite as well as new material. In view 
of the importance of such regeneration, some preliminary expefri- 
ments were made in burning out the carbon with an experimental 
electrically heated rotary kiln in the bureau’s laboratory at Berkeley. 
Some preliminary experiments were also made in an attempt to 
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regenerate the inert material by forming producer gas of the carbon 
through the medium of superheated steam applied immediately after 
the discharge of the inert material from the apparatus, thereby 
conserving as much heat as possible. Neither of these experiments, 
however, was carried far enough to give definite conclusions. 


CAPACITY OF MACHINE 


The capacity of the laboratory apparatus in an actual run of some 
22 hours, based on crude fed in, was approximately 2.5 barrels daily. 
Although no attempt was made to run the semicommercial machine 
at what seemed the maximum capacity, a rate of 12 barrels a day was 
obtained. On the relation of areas, which seems to be a logical 
basis for computations, its capacity should be about 17.5 barrels a 
day. The author believes that a commercial apparatus should be 
25 feet in diameter and, by this same reasoning, should have a daily 
capacity of about 170 barrels of crude. 


COST OF COMMERCIAL PLANT 
CONSTRUCTION COSTS 


Construction of a 25-foot machine should involve no very great 
difficulties, as the materials used are largely concrete, brick, and 
sheet-steel. Material for the concrete, exclusive of the cement, can 
usually be obtained near at hand, even though the point of erection 
is relatively remote, and the same is true in a general way of the 
brick. The castings could be made at the nearest suitable foundry; 
assembling them on the job, provided they had been properly assem- 
bled and marked before shipment, would be easy. The sheet-steel 
cover presents the only problem. Perhaps the best plan for han- 
dling it would be to cut and shape in the shop the plates of which it 
is composed, then to assemble and weld them on the job by means 
of a portable welding outfit after the hearth is in position. 

A reasonable figure for the cost of a single machine or retort com- 
plete with furnace and steel stack should be about $7,500, exclusive of 
the condenser. A convenient arrangement for a unit would be four 
such retorts arranged in a square or rectangle with a common stack 
of brick at the center. The total cost of such an installation with- 
out a condenser should be approximately $30,000. An adequate con- 
denser should be built for about $15,000. 


OPERATING COSTS 


One of the most important things to be determined from an ex- 
periment of this kind is the operating cost when the principles in- 
volved are applied to commercial practice. It was hoped that the 
operation of the 8-foot semicommercial machine could be carried on 
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long enough to furnish data to determine such costs. However, as 
the bureau had only a small amount of money for furthering the 
work, and as at the outset of the problem the apparatus as well as 
the process was unproved, it soon became evident that if any results 
were to be obtained at all every effort must be concentrated on 
overcoming mechanical difficulties, regardless of the cost of operation. 

The mechanical difficulties were overcome, and although insufl- 
cient data have been gathered to estimate even approximately the 
cost of commercial operation, it is believed that the bureau has 
solved the problem of a satisfactory bottom plate for the apparatus 
and has proved the possibility of making the process continuous. 
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